The non-invasive diagnosis of infective endocarditis (IE) relies mainly on the combination of morphological evidence of infection on native or prosthetic valves, and identification of an infective agent on blood culture. 1 However, in the absence of morphological changes suggestive of endocarditis detectable on echocardiography, the diagnosis based on the probabilistic Duke criteria may remain undetermined. In recent years, nuclear techniques such as [
18 F]fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/ CT) and white blood cell (WBC) single photon emission computed tomography (SPECT)/CT were successfully applied to IE. In particular, in the case of suspicion of prosthetic valve infection, when artefacts generated by composite components affect the reliability of morphological imaging by ultrasound or CT, the functional approach proved useful. As a result, nuclear techniques have been included in the recently issued European Society of Cardiology (ESC) guidelines for the diagnosis strategy in patients with suspicion of prosthetic valve endocarditis. 2 The specific insight allowed by nuclear techniques is due to their ability to target host response to infection: increased metabolic activity of cells involved in the innate and adaptative immune system with 18 FDG PET, or leucocyte recruitment secondary to the release of chemotactic mediators by inflammatory cells with WBC SPECT. The latter proved to be highly specific of infection, with a somewhat lower sensitivity. [3] [4] [5] Tracking of WBCs using radiolabelling is a well-validated method in infection imaging. The radiolabelling of WBCs can be performed either with Tc-HMPAO is generally preferred, because it offers a better image quality (higher count statistics and better spatial resolution), and also lower radiation exposure of patients. On the other hand, the longer half-life of 111 Indium may prove beneficial over 99m Tc for delayed imaging, a key feature for accuracy. The diagnostic value of late acquisitions (acquired 24 h after reinjection of autologous radiolabelled leucocytes) is higher than that of early imaging since non-specific background signal related to inflammation has decreased and the persistent accumulation of radiolabelled leucocytes is highly specific for infection. In addition, leucocytes penetrate only slowly in tissues such as abscesses, which might thus be detected only with late imaging. Due to the short half-life of 99m Tc, the signal is sometimes hardly detectable at late imaging, and this may explain a loss in sensitivity.
New generation-solid-state detectors gamma-cameras equipped with the semiconductor cadmium-zinc-telluride (CZT) were initially designed to increase the detection sensitivity of myocardial perfusion imaging (MPI) studies owing to a cardiac-centred detection geometry. 6 This has resulted in decreasing activity of radiopharmaceuticals administered to the patients and reducing acquisition duration while preserving the diagnostic performance compared with conventional cameras. 7 An additional feature of the CZT is a higher energy resolution (precise determination of the energy of gamma-rays) allowing a reduction of image noise by rejecting a greater proportion of unwanted scattered photons, and also a better separation of different isotopes by reducing cross-talk between each energy peak. 8 As a consequence, simultaneous dual-isotope acquisitions became feasible and implemented mainly in myocardial perfusion imaging (thallium/ technetium) and myocardial innervation (technetium/todine).
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The article by Caobelli et al. 9 published in this issue of the journal illustrates that technical advances in the domain of detection systems are able to prompt revival of a method validated decades ago.
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Indium-labelled WBC SPECT co-registrated with simultaneously acquired myocardial perfusion for valve plane localization on a CZT camera was compared with the standard protocol that combined WBC SPECT on a conventional camera and non-enhanced CT. Since the current main limitation of WBC SPECT in IE is a low sensitivity, it is crucial that the new approach proves its superiority on this specific point. Although the size of the population sample was small, the sensitivity was indeed increased and the proportion of inconclusive scans decreased using the dual-isotope protocol on the CZT camera. The authors report that the improved diagnostic value obtained with the novel protocol was related to a better image quality on the CZT camera. Unfortunately, the underlying reason-lower scatter or higher counts, or both-is not provided in the article. It would be, however, relevant to known whether noise reduction is due to the better energy resolution of CZT detectors or to the higher sensitivity of the cardiac-centred design of the camera. Indeed, general-purpose SPECT cameras equipped with CZT detectors are becoming commercially available, thus allowing acquisitions to be performed not only centred on the heart area but also extended to the whole body, which may prove relevant for a comprehensive evaluation of the disease.
Another important point is the ability to match the 'hot spot' due to focal accumulation of WBCs with the anatomy of the infected valve. Since most cardiac-dedicated CZT cameras are stand-alone devices, the authors successfully exploited the simultaneous dual-isotope strategy to meet this goal. On conventional cameras, SPECT detectors are combined with a CT scanner designed to co-register functional and morphological sets of images. A potential advantage of such hybrid systems is the possibility of performing CT angiography. As shown by Pizzi et al. with FDG PET/CT, the combination of the functional information with contrast-enhanced CT allowed a decrease in the proportion of scans rated as inconclusive and accordingly further improved the diagnostic performance of a combined approach. 10 In parallel with advances in the domain of detection systems, developments in cell labelling will certainly be achieved in the near future with positron emitter isotopes dedicated to PET systems. Radiolabelling with a short-lived positron emitter has been reported using FDG as the labelling agent. 11 This method is straightforward but suffers from the short half-life of 18 Fluorine. 12 Thus, there is a need to develop radiolabelling strategies enabling late acquisition while maintaining image quality. A promising approach has been reported using 64 Copper, whose 12.7 h half-life is suitable for tracking over a few days. Although the in vitro radiolabelling method seems efficient, validation in patients is still lacking. 13 The different strategies for cell radiolabelling are depicted in Figure 1 . Radiolabelled WBC scintigraphy is and will certainly remain a mainstay of infection imaging. More generally, further research is still required to develop efficient strategies for monitoring in vivo cell trafficking for both research and clinical purposes, and the article by Caobelli et al. is a proof of the continued progress in the domain.
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